In this paper a theory developed by Stumpf [1] will be used in order to calculate Auger transi tion probabilities in semiconductors. The main feature of the calculations is the incorporation of the coupling of impurity electrons to the surrounding lattice by phonons, using dynamical elec tronic wave functions for impurity states. The final result is an expression for transition probabi lities, describing multiphonon assisted Auger transitions in semiconductors.
Introduction
The optical properties of impurity centers in semiconductors are often described in a oneimpurity center approximation. In this model all processes at one center are independent of the presence of other surrounding impurities. For large concentrations of defects this assumption cannot be justified any longer and interactions between centers have to be taken into account. A particularly interesting case o f interaction is the resonant transfer of excitation energy from one impurity to another. There are two mechanisms leading to such processes, first the reabsorption of radiation em itted by decaying excited centers, and secondly the direct Coulomb and exchange interaction between these centers. The latter processes are called Auger transitions. In this paper we will discuss these processes. Our model is based on a theory developed by Stum pf and coworkers [1] [2] [3] [4] [5] [6] [7] . In this theory in a first step a microblock model is proposed to describe processes at one impurity center. In a second step these microblocks are collected to form a mosaicblock which will be the basic model for our calculations.
Auger processes in semiconductors were often studied in literature. There are many papers by Landsberg and coworkers [8 -12] . They try to calculate Auger recombination rates and impact ionisation coefficients. In their calculations Landsberg et al. restrict themselves to the pure electronic part of the transitions without coupling to the phonons. This restriction may be justified for semi conductors with narrow energy gaps or impurities with low trap depth. Similar calculations were made Reprint requests to Dr. F. Tröster, Institut für Theoret. Physik der Universität Tübingen, Auf der Morgenstelle 14, D-7400 Tübingen.
by Haug [13, 14] and Schöne [15] for band-band trasitions.
On the other side, there are only few investiga tions about the phonon assisted transitions. Eagles [16] used the second order perturbation theory to include phonons in the transitions via the electron phonon interaction. Another method of Rosenthal [17] provides a unitary transformation of the perturbation part of the Hamiltonian, consisting of an electron-electron and an electron-phonon interaction part, to describe such processes. By this way Auger transition probabilities for creation or destruction of two phonons are obtained.
In this paper we investigate by means of the theory mentioned above the transition probabilities with an arbitrary number of phonons. Thereby we restrict ourselves to pure theoretical discussions without numerical results which will be given in a following paper. In the first section we summarize all the definitions we need. In section 2 the basic theory for our calculations will be outlined. In a further section we calculate the Auger operator for the special case of halogenid crystals with colour centers. Then we treat in the following section the corresponding Auger transition probabilities and derive calculable expressions.
Definitions
All abbreviations to be used are given in this first section. If possible, the notations of paper [1] are applied. -< X n <Pm v\B «\v' ( f * , X n '> I (2.14)
The effects of these interactions can be classified as follow s:
is a nonadiabatic interaction which pro duces multiphonon transitions, R s : is a Coulomb interaction between impurity electrons alone or between impurity electrons and surrounding ions and leads especially to Auger transitions, B s, B w: represent the interaction between radia tion field and the heat bath with the crystal respectively and cause radiative electron and/or phonon processes and energy dissipative processes of the highly excited phonons.
To describe the behaviour of the whole mosaicblock system with its various interactions, we consider the occupation possibilities: 
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To derive phonon assisted transition probabilities, we have to use the dynamical electronic wave functions which can be written [7, 21] xpv (r, 9i) = ^7?(r, a^I * ) ) With (3.36) and (4.12) we derived a calculable expression for phonon assisted Auger transitions. Now, if we know the special parameters occuring in our expression (4.36), e.g. the frequencies, the normal coordinate displacements, the physical factors, the electronic energy differences and the special electronic wave functions, we have the possibility to apply our result to different semi conductor models and substances. For a final simplification of the above result we apply it to the special case of halogenid crystals with colour centers. Thereby, we assume in accordance with (4.3) in a first approximation that by the transition there will be no frequency shift of the coupled modes. The coupling of the impurities and the lattice can be expressed by one effective lattice mode and the whole expression 
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